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ABSTRACT 
I 

A Product   Improvement Test was conducted on  the  T132E1 Track Snow 
Pads  for the M578 recovery vehicle by  the U.   S    Army Arctic Teat Center 
at Fort Greely, Alaska  from 18 November   1968 to   31 March 1969,     The 
test was conducted to determine if the T132E1  track snow pads increased 
the mobility of the M578 recovery vehicle over arctic winter terrain. 

Three test pad designs were evaluated:   low durometer rubber, 
spring loaded  low durometer,   and steel grouser. 

The test approach  used was  to first determine which snow pad design 
provided the greatest vehicle mobility and then  to test  that design for 
durability under the prevailing environmental  conditions      Initial  test- 
ing of all three types  snow pads revealed  the  low durometer  rubber snow 
pad provided the best performance in the areas  of mobility, slope per- 
formance and tractive efforts  over the steel grouser  and spring loaded 
snow pads.    Durability  of  the  low durometer pad was  adequate except for 
frequent loosening of  the retaining nut 

It was concluded  that   the  low durometer snow pad increases  the 
mobility of the M578 recovery  vehicle more  than  any other track pad con- 
figuration tested under  arctic winter conditions       It was recommended 
that  the low durometer   rubber  snow pads be adopted  for  U-  S    Army  use 
under arctic winter conditions  after the retaining nut  reliability  fail- 
ure has been resolved       Further  testing at   this  Center was not   recommended- 



FOREWORD 

The U.   S. Army Arctic Test Center, Fort Greely, Alaska was respon- 
sible for preparing the test plan,  executing the test,   and preparing the 
test report. 

The authority to conduct  this  test is contained in letter, AMSTE-BB, 
HQ,  USAATC,   15 August  1968,  subject:     USATECOM Project  No.   1-8-7340-60, 
Product  Improvement Test of T132E1 Track Snow Pads for M578 Recovery 
Vehicle,  DA Project Code NKB. 

Tests were conducted from 18 November 1968 to 31 March 1969 by 
members of the Armor and Combat Vehicles Test Divsion,  U.   S.  Army Arctic 
Test Center.     The assistance of PFC G.  T.  Cantu and PFC J.   R    Castleman, 
Scientific and Engineering,   Instrumentation and Test Methodology Division, 
U.  S.  Army Arctic Test Center,   in collecting,   reducing and analyzing 
engineering test data is acknowledged- 
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DEPARTMENT OF THE ARMY 
UNITED STATES ARMY AECT1C TEST CENTEB 

APO SEATTLE   M733 

FINAL REPORT 
FOR 

PRODUCT IMPROVEMENT  TEST OF T132E1  SNOW PADS   FOR 
M578 RECOVERY  VEHICLE 

UNDER ARCTIC WINTER CONDITIONS 
RDT4E PROJECT NO.  UNKNOWN USATECOK PROJECT  NO.   1-8-7340-60 

SECTION  1.     INTRODUCTION 

1.1 BACKGROUND 

The M578 recovery vehicle does not perform satisfactorily under the 
particular arctic winter conditions of hardpacked/packing snow.    Track 
performance is one of the factors which contributes   to this problem. 
With the standard T132E1  track pads  installed,  the ground pressure is low 
and  the grousers do not penetrate the hard-packed snow and cannot pro- 
vide the aggressiveness  required for the desired mobility.    With track 
pads  removed,  the snow fills  the rectangular pad cavities and packs to 
the top of the grousers and  the same situation as noted above results. 
In order to resolve this problem,  three snow pads have been designed to 
increase the ground pressure. 

The three types of snov» pads  to be tested have been designed to 
improve the mobility cf the M578 recovery vehicle under arctic winter 
conditions.    Performanca testing of the three types  of snow pads was 
conducted at Fort Wainwrlght, Alaska,  from 16-20 March 1968 by Arctic 
Test Center personnel with  the aid of USARAL.    A partial report was sub- 
mitted in June 1968 (reference g,  appendix IV) covering this initial 
test.     Results of this test,   although inconclusive.   Indicated that the 
improved snow pads exhibited sufficient mobility to warrant further test- 
ing. 

Because of this historical lack of mobility of  the standard track 
with the standard pad,  this   configuration was eliminated from further 
competition with the Improved pads. 

1.2 DESCRIPTION OF MATERIEL 

The T132E1 track is a single pin rubber bushed  track 18 inches wide 
with a 6-lnch pitch.    Two basic type snow pads have been designed to 
be interchangeable with the T132E1 production pad.    Descriptions of the 
functional operation of each approach are as follows: 



a.     Steel   grouser  imbedded  in   luv  dun  mcu-r   . \i:_, ■< 

When   .i.iätal lud   in   the  T132LL   trai-1;   b'.f,   Un. 
I'll!'   ! i-itl    Jov  duror.L'ter  rubb«, r  a;"J   the  steel     ;iiv-   ■.   .-, • . 

i'Xt, .'(]■■<]  i.-eyond   the  "rack  shoe  grousers.      I'his  tx1.•■:...;t--.1  , 

vided  !!■.■  ingii   ',.;r.'ii   .1  prt-jsuro   rcquirt.-d   tci   i'ui' ! . .v, ; ■,;.   < 

.-.InlW 

I K' ^'. Licat   snow  pad. 

' •'J   types     i"   rcallieu'    sn"'«-'  pad-,   .a ..   . 

',■(-•     '■>    1 ;'-'   'JU1'   i"'. ■ UM   ru'ubiT  snow  pad,   i ,s   a..-" i;i ..■..■  ..      i 

-v'.^    ..    t i.t,  i.'j.v-.   pad,  when  instaiU-d   ir'   t-i1-- -'i      ;    -■ 
i   ilot   jiao^iii   rubbc''   suriac • '-air'a   is   ,sli,-aci.     i     . ..■_.    : 
lilt   |) ;C cudiiii, ■ •Ifi'.-.i  • ;   l.iife   tr-i   ',.  cavity   s i'b-s   '.a-:ri  .1   '    ; 

,•_   laup.'.u f   1 1, pad   i a   f;  mi at ;; in   t •'. ' 1 

.-^t'j-  by   iiif   ri.j! 1 : •-■ it   ?..' .oa  ui   tue   I   w  dui i'i!i<;i .r 
tjl' JIII-,;   ,, .a   . 5U : K.   '. ■.,.'   l)._   ;;; . 1 lit   ■ i ii' d   Or.   I lie   ■■_ a / i l .    ^ j,; 

lai a^.. ..,1 tyi-ic, tbt s I'll a;; ia 
•j j IIJ;T '. ; L , J;: .. -iiii'( a* aa'.a-, v.'hi ;. 

: .• . 1. .'..... 01 pad. ; b; i s ing] t 1,:: 1 c 
. ! i., , a t 1 ,;,. i 1 5 ' ; t.a 1 iiud ; 11 r ■ 'U^a t ht a . L .; 1 . i . 
Uä' 1. . . ■ . >.;• ; . .; a a ! ; : ■- •.:■.. t r ji. c.n/i ty . .•!.. . 1 ■ 
)■    ) a     ,,.   Liit   r a 'jcr 

!;• L •. . 1   in-   J;    :,'._-   il3-Ll   track   s:u:w  p .da   ii,   ;'...•.■. 

' >','o   . •_■ .    Vi.cy   ve.r.clt-   over   a-a t 1 r   .v'iut'jt   Lttr<.-.;a 

^ . 1.' 1A; \ 1    u (■   1' 1. ä l L i > 

I. ' .-.,. J   a . m -■   .;   c Minu i ■■' t < d   . ■.     '   i 
■■..'.     o     -     .  . v 1      d'i    rol ; MVC ; 

j.vas 

i   ,M ■ a1-'! r   pad.a 

.,,■   j ' IüI a   i/.jd.- 

L 3b   - 



■ 

The sprinp loaded low durometer rubber pad was eliminated from com- 
petition sfter 202.9 miles.    Because of the low torque on the retaining 
nut, rock and gravel penetrated the gap be^reen the rubber pad and the 
pad cavity causing the pad to curl up at the edge,  causing chunking of 
the pad. 

Results of competition to determine the pad which provided the best 
overall vehicle performance are as follows: 

a. Mobility. 

(1) The lo*   ^urometer snow pads are superior to other track 
pad configurations on secondary roads covered with hard-packed snow and 
on cross-country trails with longitudinal slopes and other obstacles, in- 
cluding deep snow (paragraph 2.3, section 2). 

(2) The steel grouser pads are superior to other track pad 
configurations on flat cross-country trails with numerous curves in deep 
snow (paragraph 2.3, section ?.). 

(3) The low durometer pads demonstrate complete self-clean- 
ing capability while the steel grouser pads do not, especially at ambient 
temperatures below -25°f when they tend to become packed with frozen snow 
(paragraph 2.3, section 2). 

(4) Vehicles equipped with low durometer snow pads are 
able to attain higher safe speeds en secondary roads covered with hard- 
packed snow than vehicles with steel grouser pads  (paragraph 2.3, sec- 
tion 2). 

(5) Both the low durometer and steel grouser snow pads are 
superior to T132E1 track without pads (paragraph 2.3, section 2). 

b. Slope Performance. 

(1) The vehicle equipped with ^.ow durometer snow pads out- 
performed the vehicle equipped with steel grouser pads on longitudinal 
slopes  (paragraph 2.4, section 2). 

(2) Both the low durometer end steel grouser equipped ve- 
hicles were capable of operating on 40 percent side slopev (paragraph 
2.4, section 2). 



(3) The braking ability of the steel grouser equipped ve- 
hicle on longitudinal slopes was superior to that of the low durometer 
equipped vehicle (paragraph 2.4, section 2). 

(4) The packing of snow within the steel grouser snow pads 
at low ambient temperatures greatly limits the ability of these pads f 
ascend longitudinal slopes covered with hard-packed snow and ice. The 
low durometer pads, with effective self-cleaning action, are superior in 
these conditions (paragraph 2.4, section 2). 

c.  Tractive Effort. 

The vehicle equipped with low durometer snow pads provided consistently 
superior performance in comparison with all other track pad configurations 
tested on both hard-packed and deep undisturbed snow (paragraph 2-5, section 
2). 

Competitive testing of all three snow pads proved that the low duro- 
meter 'ubber snow pad was the one providing greatest overall vehicle per- 
formance, and this pad only was subjected to durability and reliability 
testing. The results of durability testing are as follows: 

a. The low durometer snow pads have not been designed to mini- 
mize maintenance. The retaining nut will not retain the required torque 
of 160 foot-pounds (paragraph 26, section 2). 

b. The low durometer snow pad is durable for at least 2,000 
miles under arctic winter conditions (paragraph 2.6, section 2). 

c. The standard issue OEM tools supplied with ehe test vehicle 
are not adequate to maintain the test snow pads as no manual torque wrench 
is provided, and an additional 15/16-inch socket is required (paragraph 
2.6, section 2) , 

1.5 CONCLUSIONS 

It was concluded that: 

The low durometer snow pads increase the mobility of the M578 light 
recovery vehicle more than any other track pad configuration tested under 
arctic winter conditions. 

The low durometer snow pad is durable for at least 2,000 miles under 
arctic winter conditions- 



The  retaining nut on the  low durometer snow pad Is not reliable 
under arctic winter conditions 

The steel grouser snow pad Is not suitable for use under arctic 
winter conditions because the grouser consistently becomes packed with 
frozen snow and ice,  eliminating effective aggressive action. 

The spring loaded snow pad Is not suitable fo: use under arctic 
winter conditions because snow and gravel penetrate the gap between the 
pad and  the pad  cavity. 

The vehicle  OEM  is  not   adequate to miintaln  the test  snow pads nnHpr 
arctic winter conditions 

1.6    RECOMMENDATIONS 

It   ifa recounnfnded   that; 

Tho  low dutooecer scow vads he adopted for uae under arctic winter 
conditions alter the  retaining njt   reliability  failure has been resolved 

The  sceel  grcusur  and sp:i.ng  leaded -inow pads  not be  considered 
suitable  for use undtr  aicric winter conditions. 

The  vehicle OF.M bt>.  increased  to include a manual torque wrench arid 
an additional   iS/ltv-in:^  socket   for uac  vitn  the snow pads under arctic 
winter conditions- 

Further lasting at   this Center is nor   rec^maended- 



SECTION 2.  DETAILS OF TEST 

2.1 INTRODUCTION 

letting consisted of operating the M578 recovery vehicle, with the 
T132E1 track and test pads mounted, over typical cross-country arctic 
winter terrain to Include both side and longitudinal slopes. Further 
evaluation of the test pads was made to determine tractive effort, 
maneuverability, maintainability and reliability, vibration and crew com- 
fort. 

The test approach used was to first determine which pad design 
provided the greatest vehicle mobility and then to test that design for 
durability under the prevailing environmental conditions- Any possible 
other effects on vehicle performance were als: evaluated and reported. 

Snow conditions proper for testing were extremely limited, and the 
test plan was modified to allow for best use of available testing con- 
ditions 

A second M578 recovery vehicle was used as a comparison vehicle. 
The test vehicle's performance with each t/pe of sncw pad Installed was 
compared with the comparison vehicle's performance with other test pads 
Installed.  These different track pad configurations were compared dur- 
ing all operational sub-tests. 

When not being used for operational sub-tests, the test and com- 
parison vehicles, with tracks installed, remained In  an unsheltered 
area except for those periods when maintenance Indoors was required^ 

All operational sub-tests were conducted under as wide a range of 
temperatures and snow conditions as were available-  Particular emphasis 
was placed on obtaining performance data of the test pads' performance 
on hard-packed snow. 

During all arctic winter tests, as appropriate, crewmen were dressed 
in the arctic winter uniform (appendix III) 

2.2 PREOPERATIONAL INSPECTION 

2.2.1 Objeclive 

Determine if the test track and comparison track are in proper con- 
dition for test operations 



2.2,2    Method 

The test  track and snow pads were inspected, measured and photo- 
graphed. 

One set of test pads was installed on one M578 recovery vehicle, and 
another set of test pads was installed on the other MS78. The track of 
both vehicles was inspected to insure proper condition and track tension 
at the start of the test 

2.2.3 Results 

Low Durometer Snow Pads: The pads were installed at the beginning 
of the test season and remained on the vehicle throughout the test 

The pads were new  No defects were detected during the inspection 
and measurement of the pads 

No major problems were encountered during Installation  The rubber 
pads are slightly larger than the cavity in the track, and, as the bolts 
were tightened, the rubber molded itself into the shape of the track 
cavity. With the bolts fully torqued to 160-foot pounds, the upper edge 
of the pads was well below the edge of the track cavity- 

Spring Loaded Snow Pads: The spring loaded pads were installed mid- 
way through the test season  The pads had been Installed for a short 
time during the FY68 test season, and were slightly worn, but sMll 
serviceable and in proper condition for testing. 

Because of the two-piece construction of the pad, the time (manhours) 
to install the pads was much longer than the time to install the other 
two test pads (paragraph 2 6, section 2). 

No defects were detected during Inspection of the pads 

Steel Grouser Snow Pads. These pads were installed at the beginning 
of the season  The pads had been tested for draw-bar pull and slope per- 
formance during the FY68 test season, and stored outdoors during the 
summer. The steel grousers were worn slightly and rusted.  The bolts 
were also rusted, some of the nuts frozen in place and some of the threads 
stripped. 



These defects made installation difficult, particularly when the 
crew pieced the pads in the track cavity and tightened the nuts. The 
steel grouser pads were removed midway through the season, and replaced 
when testing of the spring loaded pads was complete. Before replacement 
wee possible, the bolts of 35 steel grouser pads had to be rethreaded. 

Photographs of the test pads are included in figures 1 through 3, 
appendix I. Measurements of test pads are included in tables 1 and 2, 
appendix 1. 

2.2.4 Anelysis 

The low durometer and spring loaded snow pads were ready for testing. 

After Installation difficulties had been overcome,  the steel grouser 
snow peds were ready for testing. 

2.3    MOBILITY 

2.3.1 Objectives 

Evaluate the snow-covered cross-country mobility characteristics of 
each type test snow pads. 

Determine which track pad configuration enables  the M578 to achieve 
the highest safe speed on a hard-packed, snow-covered,  level road surface. 

2.3.2 Method 

One set of test snow pads mounted on one M578 and a comparison track 
pad configuration mounted on the second M578 were operated at maximum 
safe speeds over an established snow-covered cross-country course. The 
ability of both vehicles to negotiate the course was evaluated. 

The test and comparison vehicles were operated over snow-covered 
terrain features not encountered on the established course in order to 
determine the maximum snow depth that the vehicles could negotiate. 

During the conduct of all cross-country operations, observations 
were made with respect to the performance of both the test and compari- 
son vehicle, noting specifically maneuverability, ease of steering, 
vibration and crew comfort- 



The test and comparison vehicles were accelerated to the maximum 
safe speed obtainable on a hard-packed, snow-covered,  level road sur- 
face.    The governing factor was the driver's  ability to safely control 
the vehicle. 

Only  the low duroneter and steel grouser test snow pads underwent 
cross-country mobility  testing      The spring loaded test pad had failed 
the durability requirement during draw bar pull exercises and was eli- 
minated from further testing.    These  two pads were evaluated against 
each other and against  the standard T132E1  track without pads 

2.3.3    Results 

The low durometer pads demonstrated complete self-cleaning action 
In all temperature and snow conditions-    As   the pads cleared the drive 
sprocket just prior  to contact with  the ground, any snow that had accu- 
mulated In the pad cavity was  thrown out, and clean track with the edges 
of the track cavity exposed was used to drive  the vehicle.    Wltn this 
self-cleaning action,  and with the edges of  the track cavity clean,   the 
track was extremely aggressive. 

The steel grouser pad became packed with snow up to the level of 
the steel grousers,  eliminating any aggressive action clean grousers 
could supply.    This was particularly apparent  at ambient  temperatures 
below -25eFt when sncw would freeze into the  track, beginning in the "V" 
formed by  the grousers  and eventually extending over the entire pad 
At higher ambient   temperatures,   the  problem was  less severe,  but  the pad 
always had a tendency to accumulate snow, and had poor self-cleaning 
capability. 

Similarly,  the  track without  pads would become clogged with frozen 
snow at  low ambient  temperatures,  eliminating  the aggressive action at 
the sides of the track cavity      This  configuration had no self-cleaning 
capability whatsoever. 

On hard-packed snow-covered surfaces,  the M578 equipped with  low 
durometer pads was able  to execute a pivot  turn with the Inside track 
locked throughout  the  turn      The vehicle equipped with steel grouser 
pads free from snow was unable to make the same turn without momentarily 
unlocking the inside  track,    it is possible  that the chevron shaped 
grouser caused a resistance to lateral movement, beneficial when oper- 
ating on side slopes,  but  deleterious when maneuvering on a level surface 



covered with hard-packed snow. When the grouaers ware packad with mow, 
the resistance to lateral movement waa eliminated, but the outside treck 
had trouble gaining enough trection to push the vehicle around. 

Operators ware able to control the vehicle equipped with low duro- 
meter pads at higher apeed than thay were able to control the vehicle equip- 
ped with steel grouser track pads.    This waa true particularly at times 
when the grouser pada were packed with froren snow.    On hard-packed snow- 
covered secondary roeds, the vehicle with steel grouaer pads would slip 
as operators accelerated to higher speeda. 

After operating vehicles equipped with both low durometer and steel 
grouaer pads over a deep snow (up to 18 inches)  covered cross-country 
trail,  test personnel reported slightly greater eaae in negotiating 
curves with the ateel grouaer pads.    The vehicles were operated at the 
same speed, with drivers operating first one vehicle and then the other. 
The ambient temperature during these tests was above -250F, and the 
grouaers were not completely packed with snow.    This advantage was not 
present on longitudinal slopes,  and on several instances,  the vehicle 
equipped with low durometer pads was able to climb slopes which the ve- 
hicle equipped with steel grouaer pads waa forced to go around. 

The maximum snow depth the vehicleo were able to negotiate was not 
determined because of unsuitable snow conditions during the test season. 

Early in the test season,   the vehicle with low durometer pads re- 
covered the Marine Corps LVTRX-2 recovery vehicle which had broken dewv. 
while traveling through deep snow on a cross-country  trail.    The vehicle 
weighed approximately 25 tone.    The M578 recovered it over 2 1/2 miles 
of cross-country trail through snow up to approximately 18 inches in 
depth.    The route of recovery included several hills of approximately 
20 percent slope,  small trees,   frozen muskeg, and hard-packed secondary 
roads.    Starting on flat gound in deep snow,  the operator accelerated to 
maximum speed and maintained that speed until the vehicle reached the 
secondary road.    At one point on the secondary road,   the vehicle was 
forced to halt to permit another vehicle to pass at an intersection. 
From a stop on a hard-packed snow-covered secondary road,  the vehicle 
made a 180-degree climbing turn while pulling the LVTRX-2.    The turn was 
extremely tight, and the M578 was forced to pivot several times  to bring 
the Marine Corps vehicle around-    When the recovery was completed,  the 
M578 was used to maneuver the LVTRX-2 into its parking space against a 
fence. 
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On another occasion,  the M578 equipped with steel grouser snow pads 
was used to recover an M551 Sheridan Armored Assault Vehicle over 16 
miles of hard-packed, snow-covered secondary roads.    The M551 weighs 
approximately 16 tons.    The route of recovery included several longitu- 
dinal slopes of approximately 30 percent.    The operator was able to 
maintain a slow speed, which decreased on the slopes.    At slow speeds, 
the driver reported little difficulty in control.    The M578 was used to 
maneuver the M551 in close quarters at the end of the mission.    On other 
occasions,  the vehicle with steel grouser pads recovered the Marine Corps 
LVTRX-2 for distances of up to 3/4 of a mile over flat secondary roads 
covered with hard-packed snow. 

2.3.4   Analysis 

The low durometer snow pads are superior to other track pad con- 
figurations on secondary roads covered with hard-packed snow. 

The low durometer pads are superior to other track pad configura- 
tions on cross-country trails with longitudinal slopes and other obstacles, 
including deep snow. 

The steel grouser pads are superior to other track pad configurations 
on flat cross-country trails with numerous curves in snow greater than 
12 Inches deep.    This is true at higher ambient temperatures, when the 
grousers are not packed with snow. 

The low durometer pads demonstrate complete self-cleaning action. 
The steel grouser pads do not demonstrate self-cleaning capability, espe- 
cially at ambient temperatures below -250F,  tending to become packed with 
frozen snow,  eliminating their aggressive action. 

Both test pad configurations are superior to T132E1 track without 
pads. 

Vehicles equipped with low durometer pads are able to attain higher 
safe speeds on secondary roads covered with hard-packed snow than ve- 
hicles with steel grouser pads. 

2.4    SLOPE PERFORMANCE 

2.4.1    Objectives 

Determine if the vehicle with test pads or comparison vehicle with 
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and without standard pads  is capable of  ascending and descending a deep, 
■now-covered and a hard-packed, snow-rovered,   longitudinal slope of up to 
60 percent 

Determine if  the vehicle with  test pads or coop^riEon vehicle with 
and without standard pads  is capable of operating on a deep snow-covered 
and a hard-packed,  snow-covered side slope of up to 30 percent. 

Determine If  the vehicle with test pads or comparison vehicle with 
and without standard pads  Is capable, by driver application of service 
brakes, of being controlled while heading either  up or down a deep snow- 
covered, and a hard-packed,  snow-cove'ed.   longitudinal  slope of up to 60 
percent 

2.4,2    Method 

Before negotiating the various snow-covered slopes, the engine, 
transmission,  and brakes were checked and adjusted on both vehicles  to in- 
sure optimum performance- 

Poor snow conditions  in the test area made a complete comparison of 
all  track pad configurations  impossible      Consequently,  the test officer 
modified the method outlined In the Plan of Test   to make best use of 
available snow conditions on a variety of slopes  in the Fort Greely area 
Based on results of mobility, durability, and draw-bar pull tests,  the 
low durometer rubber and steel  grouser snow pads,   and the two superior 
track pads, were selected for slope testing-    These were tested en the 
graded slope test  range,   and or unimproved slopes  along cross-country 
trails. 

One track pad was mounted on one M578,  and the other was  installed 
on  the comparison vehicle-     The capability  of  the vehicles  to ascend and 
descend 30,  A0,  50 and 60 percenr  slopes was determined 

The brake holding ability of the vehic'es on   30,  40,  50 and 60 per- 
cent  longitudinal  slopes was determined for service brakes, with the 
vehicles headed both   up and down the slopes  fz-   5-minute perlods 

Operation on  the  20  to 40 percen«   sn?w-<:vered side slope was 
conducted with the vehicle moving both  f:'wa'd and backward 

The same driver was  used to test both  vehicles;   ro eliminate driv- 
ing technique as an influencing factor 
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Two longitudinal slope tests and one side slope test were  performed 
during the season.  In addition, test personnel recorded ooservations on 
the relative performance of the two snow pads on slopes encounteied 
throughout the test season. 

2.4.3 Results 

For the first test,  the maximum available snow-covered slope was 
37 percent near the summit of the slope.    Snow conditions varied from 
12  to 14 inches of loose, powdery snow on the approaches  to the maximum 
slope,  and 4 Inches of loose snow over 2 inches of hard-packed snow and 
ice on the  3 7 percent portion of the slope.    This slope was  found on a 
cross-country trail, and was typical of slopes in the Fort Greely area. 
Ambient air temperature was -12eF. 

Neither vehicle was able to negotiate the slope from a standing 
start in deep snow.    The steel grouser equipped vehicle successfully 
negotiated the slope on the third attempt from a running start on level 
ground.     Extensive track slippage was observed.    The vehicle with low 
durometer pads climbed the slope on  the first attempt from a running 
start on level ground.    Very little track slippage was observed. The 
steel grouser pads were packed with frozen snow above the level of the 
grousers, which caused the tracks  to slip on the ice on the 37 percent 
slope.    The   low durometer pads were  free of snow in the track cavities, 
and the edges of the track cavities were able to grip the surface of 
the slope.     Detailed results of this  test are contained in table 3, 
appendix 1. 

The second test was conducted on the graded slope test  range, com- 
prising slopes of 30 to 60 percent.     Snow conditions varied from 12 
Inches of  loose snow at  the base of  the slopes to 4 inches of loose snow 
near the crest of the slope on top of a frozen gravel surface.    Ambient 
temperature was -40CF, 

The steel grouser equipped vehicle was able to negotiate a maximum 
longitudinal slope of 40 percent, with a running start.    It had failed 
to negotiate the slope in three attempts from a standing start.  The 
steel grousers were packed with snow, which was  thrown off when the slip- 
ping track penetrated down to the gravel surface.    The vehicle with low 
durometer pads climbed the 50 percent slope from a running start, after 
three failures from a standing start.    The low durometer equipped vehicle 
was unable  to negotiate the 60 percent slope from a running start      The 
track pads were free of packed snow. 
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Both vehicles were able to climb half way up the 50 percent   longi- 
tudinal slope before 100 percent  track slippage o< cur red      When the 
driver decelerated  to reduce track slippage,   the vehicle equipped with 
low durometer pads was able  to  regain  tracMon  and    onrinue   to  the top 
of the slope      The vehicle with steel gmuser pads mounted did net  have 
this capability 

The operator had no difficulty stepping the vehicle with steel grou- 
sers on the descent  of  the 40 percent  slope,  and brake holding ability 
was satisfactory      When the brakes were  applied to the  vehicle with low 
duroaeter pads,   the vehicle slipped approximately 4 feet  before halting. 
Brake holding ability was eatisfar'ory      The  same difficulty was ob- 
served with  low durometer pads when  the brakes were applied on  the 50 
percent slope 

Both  the steel  grouser and  lr>w durometer equipped vehicles were 
operated on side slopes up to 40 percent       The slope was covered with 6 
to 12 Inches  of powder snow      The  test  personnel observed no difficul- 
ties with either  vehicle in negoriaring  the side slopes both  forwards 
and backwards 

2.4,4    Analysis 

The vehicle equipped with  low durometer  snow pads outpertormed the 
vehicle equipped with steel grouser  snow pads  on longitudinal,  snow- 
covered slopes - 

Both the  low durometer  and steel grcuser equipped vehicles were 
capable of  operating on 40 percerr   side slopes  covered with 6  to  12 
Inches of  powder  sn?w 

The braking ability of  the steel  grcuser  equipped vehicle  en  40 per- 
cent snow-c?vered  longitudinal   slcpes w^s  supe'ior to  that  of  the  low 
durometer equipped vehicle 

Because  of   limited suitable sn-w c-ndicions, n:   r^mpanson was made 
between the spring  loaded snow pads,   or   r r-J  k wirh^jt  pads 

The packing of  6n?w in  the  eceel  grouser  snev pads  at   lew ambient 
temperatures  greatly  limits  the  ability  cf   vehicles equipped with  this 
track pad to ascend longitudinal  slopes  ccvered wich hard-packed snow 
and ice.    The  low durometer pads,  with ertecti^e self-cleaning action, 
are superior in these conditions 
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No track configuration tested was capable of climbing the 60 per- 
cent snow-covered slope. 

2.5 TRACTIVE EFFORT 

2.5 1 Objective 

Compare tne tractive effort of the vehicle with test pads and with 
and without standard pads on level, snow-covered surfaces  ander arctic 
winter conditions 

2.Ü.2    Method 

Testing was conducted using MPT 2-2-604, Drawbar Pull, as a guide 
where applicable 

Immediately prior to tests, the vehicles were checked for proper 
mechanical performance, track tension was certified correct, and tne en- 
gine and drive train were stabilised at operating temperatures. 

A mobile drawbar pull test was conducted using standard tracks with- 
out pads and standard tracks with each set of test pads. The towing 
vehicle was operated in low range at full rack during all trials 

With the vehicles traveling at maximum safe speed, the towed vehicle 
gradually applied its brakes until the test vehicle came to a halt or its 
engine stalled 

Drawbar pull was continuously monitored using a load cell between 
the towing and the towed vehicles-. Track slippage vas calculated using 
data from a fifth wheel that measured the actual distance traveled by 
the towing vehicle and a sprocket counter that measured the apparent 
distance traveled by the tracks of the towing vehicle. 

The vehicles were loaded with their normal payload. 

Testing was conducted on level surfaces covered with hard-packed 
snow and on flat surfaces covered with deep, undisturbed snow  The 
snow surface temperatures ranged from -310F to 30oF. The ambient tem- 
peratures ranged from -229F to 38CF. 

Since the two test vehicles were similar and each had a different 
set of pads, two sets of pads could be readily tested by alternating 
each vehicle as the towing vehicle. 
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A photograph of the instrumentation  used and the hard vehicle-packed 
snow test area is  shown by  figure   15,  appendix  1. 

It was  not   possible  to adequately measure  and describe   the cross 
section of the deep snow courses due  to the heterogeneity and rapid 
changes  in consistency of  the snow  layers 

To facilitate  the determination  el   the most suitable pad from among 
those tested,   two  test  runs of drawbar pull  versus percent   slip taken 
the same day and under maximum similarity   in conditions were p'jtted on 
each graph   (figures 4 through  1'*,   appendix  I)      Two different  sets of 
pads could thus be compared■ 

2.5.3    Results 

Comparison cf spring  loaded  rubber pads versus   lew du'emeter 
rubber pads   (figures 4-6,  appendix  I). 

a.     In 8 to 12 inches of  undisturbed snow,  the above pads showed 
similar characteristics at  lew slippage and drawbar pull-     As  the lead was 
increased, however,   the low dur.meter  rubber pads demonstrated better 
traction than the spring loaded rubber pads      For example,   at  60 percent 
slip the low durometer rubber pads  provided 23 percent more  drawbar  pull, 
(27,000 pounds versus  22,200 pounds   respectively), 

b'    A comparison of   low dur   meter pads versus spring  loaded pads 
on hard-packed snow was not made  due   to packing of snow behind the spring 
loaded pad,   resulting in distortion  and,   in some cases,   failure  (para- 
graph 2.1,  appendix ID 

C-.     Test personnel  also  reported  that  the spring loaded pads 
became similarly packed while  conducting the trials  ir. undisturbed snow 

Comparison of  steel grouser pads versus  low durometer   rubber 
pads  (figures   7-10,  appendix  1). 

a.     This  comparison shewed differences  in performance,   in favor 
of the low durometer rubber  pads, both at   lew and high values of slippage 
and drawbar pull,  on undisturbed snow as well as hard-packed snow      At 50 
percent slippage on undisturbed snow 11   inches deep the drawbar pull 
was  24,400 pounds   for  the  lew durometer  rubber pads and 19,300 pounds 
for the steel chevron grouser pads  in 12  inches of snow (figure  7,  ap- 
pendix I).     At 50 percent slippage  on hard-packed snow the drawbar pull 
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was 29,000 pounds  for the low durometer rubber pads,  compared with 20,000 
pounds  for the steel chevron grouser pads under the same conditions 
(figure 9, appendix I). 

b.    Photographs of the low duromecer rubber pads and steel 
chevron grousers are shown in figures 16 through 19,  appendix I. 

Comparison of tracks without pads and tracks with low durometer 
rubber pads  (figures 11-14,  appendix 1). 

a. At 80 percent slippage, in 12 inches of undisturbed snow, 
the drawbar pull measured for the tracks with low durometer rubber pads 
watJ  29,200 pounds  compared with 26,600 pounds  for the  tracks without pads 
in 16  inches of undisturbed snow (figure 12,  appendix  I). 

b. On hard-packed snow at 70 percent slippage the drawbar pull 
provided by the tracks with low durometer rubber pads was 23,200 pounds; 
21,500 pounds were provided by the tracks without pads   (figure 13, ap- 
pendix I).    Test personnel reported that the track without pads packed 
with snow, forming in effect,  pads of ice. 

2.5.4    Analysis 

The T132 track fitted with the low durometer rubber pads provided 
consistently superior performance by comparison with all other track 
configurations  tested,  on both hard vehicle-packed and deep undisturbed 
snow. 

Superior self-cleaning ability of the low durometer pads by com- 
parison with the other designs was Indicated as the reason for better 
performance on snow. 

2.6    MAINTENANCE EVALUATION 

2.6.1    Maintainability 

2.J.1.1    Objective.    Determine if the test items meet  or exceed the 
maintainability standards of the T132E1 standard track pads in the arctic 
winter environment. 

2.6.1.2    Method-    Maintenance operations on the test items as outlined 
in TM 9-2320-238-10, were performed on the test snow pads.    The time 
required for each maintenance operation was recorded and evaluated. 
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The  stunii   id T1;J2EJ   '. rack  pad« were not  used during  the  teat cycle, 
because of  J'iited testing conditions  and the historical  lack of mobility 
of  these ppds.     The maintainability  of  the test pads was  evaluated against 
experience with  like-type items,  and against  the  requirements  of 
maintenance under arctic winter  conditions 

Maintenance operations were  continuously monitored with  regard to 
such  factors  as  ease of handling,  safety aspects  and other human factors 
engineering implications      These  factors were evaluated  to determine if 
the equipment  has been designed  to minimize maintenance 

2.6.1,3    Results.    Total miles  and hours accumulated on each of  the snow 
pads  during  the  test season  are   as   follows: 

Miles Hours 

a.     Low durometer pads         2,173 9 172 6 

b-     Steel grouser pads             536.A 41,4 

c.     Spring loaded pads             202 9 19  8 

installation of the pads was  accomplished  at   various  times  during 
the winter,  as  dictated by  the  progress  of  the test.     Under normal cir- 
cumstances,   the pads would be installed before  the beginning of winter 
and would remain on the vehicle  until spring      The proper method of 
installation Includes use of the vehicle-mounted hydraulic impact wrench. 
With one exception,  the pads were installed when the ambient  temperature 
was  too cold  for troops  to work outdoors  for extended periods  of  time. 
The test pads were installed indoors,   using an electric  impact wrench 
A discussion of  tools required  for Installation  and maintenance appears 
In paragraph 2.6.3. 

The  low durometer pads were  installed early  in the  test season, and 
remained on the vehicle  until  the end      The pads were new,  and no pro- 
blems were encountered during installation 

Total  time  to install  a complete  set  of low durometer pads,  includ- 
ing the removal  of a complete  set  of standard pads and torquing all test 
pads  to 160  foot-pounds, was  8 hours,   40 minutes       The  average  time to 
Install one pad was 554 seconds,  using  the electric  impact wrench and 
a torque wrench. 
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The steel  grouser pads were installed early  In the test season  on 
the second M578.     Time  to  Install  the entire set was 8 hours,  50 minutes, 
using the electric  impact wrench.    This includes  the time to torque all 
pads to 160  foot-pounds.     The pads were not new,  and were rusted from 
storage outdoors during  the summer-     The crew had trouble tightening  the 
nuts on many of  the pads-     This extended  the  total  time of installation 
On many pads,  the threads were stripped,  and the pads unserviceable. 

The steel  grouser pads were removed midway  through the  test season 
and reinstalled when  testing of the spring  loaded pads was   terminated 
Total time  to reinstall  the complete set was  8 hours,  30 minutes,  using 
the vehicle-mounted hydraulic impact wrench-     After the pads were  re- 
moved,  35 had to be  rethreaded before  they  could be put back on  the ve- 
hicle.    The average   time  to install  one pad varied from 20 seconds  to 
1 minute,   30 seconds,  depending on  the condition  of the pad 

The spring  loaded pads were installed midway  through the test  sea- 
son.    The pads were  slightly worn from limited use during the FY67-68 
test season, but were perfectly serviceable.     The used condition did not 
hamper installation      However, the total  time to install the set was ex- 
tended by  the  two-piece  construction of the pads-     Total  time of instal- 
lation,  including  the  removal of one set  of steel  grouser pads, was  13 
hours, using the electric  inpact wrench       In many  cases,  the torque had 
to be adjusted down  to the prescribed 20  foot-pounds      Some of the steel 
grouser pads were stuck in the track cavity and the crew was forced to 
hammer them out,  damaging some of the bolts.    The average time  to  re- 
move one steel grouser pad and install  one spring   loaded pad was   3 minutes 

At the end of  the season,  the low durometer pads were removed f rcm 
the test vehicle       Total   time to remove all pads was  5 hcu's,   30 minutes 
The average  time  to  remove  one pad was  2 minutes.     During installation, 
the soft rubber of  the pads became molded into  the track cavity.    The 
majority of  the pads  had  to be hammered out of  the track      Nine pads 
could not be  removed,   and still  remain on  the test  vehicle 

The steel grouser pads were removed at  the  end of  the  test season 
Total time  to remove  the pad set was  3 hours,  55 minutes.    Average  time 
to remove one pad was   1  minute,   30 seconds-     The pads had been on  the 
vehicle only  142 miles,  and removal was considerably easier  the second 
time. 

Only one maintenance  problem was encountered during the test       The 
low durometer test  pads would not   retain  the  torque of 160 foot-pounds. 
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and had to be retorqued periodically      This was discovered after  the 
pads had been used for 1,812  2 miles  (paragraph 2 6  2).     A dally oainte- 
nanrc  check showed that  nine pads were missing      The  torque on all pads 
w.)s   cherked      It   ranged from 0  to 150 foot-pounds       Every pad on both 
i r.uk» was  loose.    After   2,1'3 9 miles,  anorher pad fell oft      A spot 
c-iit'ck  of   torque  on both tracks  revealed  that   four   out  of  11 checked on 
the  left   track were loose,   and   16 out   ?f   26 on  the  right   track were be- 
low  the prescribed torque ot   160 tüot-pjjods.     The  entire set was  retorqued, 

A total of   2  16 operator-crew manh »urs WöS  spent   in maintenance 
during the test  season      The operaH:ms performed  on each test pad are 
as  follows: 

a.     Low  durcmeter  pads:     replaced  10 missing  pads and  retorqued 
188 puds;   total   time  -   1   91   mdnb   urs 

b      Sreel  groser  pads:     replaced one missing pad;   total   time  - 
.08 manhonrs 

c      Spring  leaded  pads:     replied  tw«   missing  pads;  total   time  - 
. 17 manhours 

2,6-1  4    Analysis      The   low durome'er  snw pads  have  not   been designed 
to minimize maintenance       The   resjhen'   characteristic   of  the pad used 
in self-cleaning  at ion   causes   ccntinued imvemen'   of   the pad which may 
have   led to the   failure  of   the   reffining nut   tr  retain  torque ot   160 
foot-pounds      With  this   type  ot   snow pad.   '.he  standard bolt  used en  all 
track pads is not  sufficient       A coraplef^ly self-iocking b)lt   is   required 
In the absence of  this,   the  torque must be checked  3r   least every 500 
miles, 

The steel  grouser   test   pads have been designed  to minimize  main- 
tenance 

The spring   loaded test   pads   failed  the  durability   requirement   early 
in  the  test  cycle      A determinar ion .-•   the maintainability  cha'ar'e r istics 
of  this pad was not  made 

Because neither   the  test  nor  ; rniparis  r.  vch i   le  were  tested with 
standard T132E1   track pads  a detertnini'i :>n of whether   the test pads met 
or exceeded the maintenance  standards cf   the standard track pads could 
not be made 
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2.6.2    Durability 

2.6.2.1 Objective      Assess  the durability  of the test  Items  under arctic 
winter conditions  and derive  information regarding expected service   life 
and required  logistic support. 

2.6.2.2 Method.     The results of  the Cross-Country Mobility,   Slope Per- 
formance,   and Drawbar Pull sub-tests were evaluated and showed  that   the 
low durometer  rubber  test snow pads were the most effective.     A complete 
set   (151  pads)   of  these snow pads was  subjected to 2,000 miles  of dur- 
ability  testing In  twc test  cycles  consisting of the  following  types  of 
operation: 

Terrain Condition Test Miles 

Hard-packed, snow-covered, secondary road 750 
Hard-packed,  snow-covered,  secondary  road 

with  towed  load 50 
Snow-covered,   cross-country 150 
Snow-covered,   cross-country, with  towed  load 50 

Total  test miles  in one  test  cycle 1,000 

The  first  test  cycle Included those miles accrued during  the pre- 
viously conducted snow mobility  tests 

Prior to commencing durability  testing,  each snow pad was  Identified 
In a permanent  manner ao that  records   could be maintained with respect to 
total mileage  accrued on each Individual pad prior  to removal  due  to fail- 
ure or some other  reason 

Upon conclusion of the durability  test,   the Individual  snow pad 
mileages were  analyzed to determine with 90 percent  confidence the 
expected  life which 90 percent of  the snow pads would exceed under siml-- 
lar conditions      Durability comments on the steel grouser pads can be 
found In table  2,  appendix I,  and on  the spring loaded pads  in paragraph 
1.1,  appendix  lie 

2.6.2-3    Results.     Miles and type of  operation accumulated on  the low 
durometer rubber snow pad are as  follows: 

a. Secondary roads:     1,6 70  5 miles 

b. Secondary roads  towing an M113:     105 8 miles 
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i.       russ-c cuuiLrv   trails:     295.8 miles 

d      Cross-country   trails towing an M113:     101.8 miles. 

e.    Total:     2,173.9 miles. 

The following deficiencies were  reported during the test season: 

a.    Seven low durometer rubber snow pads  fell off the right track 
and two pads off  the  left track.    Further investigation revealed all of 
the pads on both the  left and right track were well below the prescribed 
torque of  160 foot-pounds  ranging anywhere  from 0 to 150 foot-pounds. 
A table showing each  snow pad and Its  respective  torque is contained In 
table 4,  appendix I.     Incident occurred after   1,812.2 miles of operation 
(paragraph  12,  appendix II).     (Deficiency) 

b-     One  low  durometer rubber snow pad fell off the right  track. 
Uli       L   Investigation  revealed that  four out of 11 snow pads  checked on 
the  111   track were below the prescribed torque of  160 foot-pounds,  and 
16 out cf 26 checked  on the  right track were  also below the prescribed 
torque.    Incident occurred after 2,173.9 miles  of operation  (paragraph 
1.3,  appendix II).   (Deficiency) 

With the exception of   the failure  to  retain  torque reported  in para- 
graph 2.6.1,   the pad  remained durable and functional  for the duration of 
the test.     Complete  measurements of a representative sample of test pads 
appear in table  1,  appendix I.    The pads showed negligible degradation 
In width,  length,  and  thickness      The secondary roads in the area of 
operation were not completely covered with snow at  all times during the 
test season,  and occasionally the vehicle was  operated over a surface 
of snow and gravel.     Contact with the gravel  caused some chunking of  the 
pad,  particularly at   the leading edge-     However,   this was limited in 
extent, and did not  impair the performance of  the snow pad,  in either 
traction or self-cleaning properties 

The only failure of the low durometer pads was  the loss of   10 pads, 
eight from the right  track  and two from the  left-     The most likely cause 
of these failures was  the lack of torque retention which is a charac- 
teristic of the retaining nuts on the low durometer pad In its present 
design. 

2.6.2.4   Analysis.     The low durometer test snow pad is durable  for at 
least 2,000 miles under arctic winter conditions- 
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Ground 

Using the binomial model  of statistical evaluation,   the 90 percenr 
confidence  Interval estimate of  the expected life of 90 percent  of  the 
test pads was made      Support  in  this evaluation was supplied by 8tari6- 
tlcians  at  the U.  S.  Army Test  and Evaluation Command,  Aberdeen Proving 

Considering the loss of  ten  test pads as  ten independent  failures 
within a complete set  of 151  track pads,  it can be assumed wich 90 per- 
cent  confidence that  at   least  89  98 percent  of  the test  pads will  remain 
durable over 2,173-9 miles 

The  requirement for this   type of statisitical evaluation was based 
on the assumption that   the test  pads would fall  for  a variety of  reasons 
at irregular  intervals  throughout  the   length of  the durability exercise 
This  did not happen.    All  10 failures  are attributed tc  a single cause, 
for which corrective action has  been outlined in paragraph 2 6   1 A      If 
the corrective action suggested is applied In all  further uses of the 
test pads,   the likelihood of a   repetition of  the same kind of  failure is 
greatly   reduced.    This would eliminate  the validity of   the statistical 
method used above for determining the expected  life of  the test pads 

The accurate evaluation of  the durability of the  low durcmeter rub- 
ber snow pads must be based on  the performance of  the 141  pads which 
remained on the vehicle throughout   the rest      Ten pads  fell  off      This 
failure was not  a durability  failure,  but one cf  reliability,  cr   reten- 
tion.     All   141  pads which remained on  the vehicle throughout   the dur- 
ability exercise remained functional      As a result  of the disc-very cf 
the missing pads,  the torque of  the retaining nuts was  checked and i.und 
below  160  foot-pounds.     Increasing the  torque above  160  foot-pounds would 
result  in a loss of the resilient  character cf  the pads       Further   loss 
of pads was avoided by periodic   retotquing 

The  constant need to retorque  indicated cleanly  to  test pers^nne^ 
that   the retaining nut  on the  low durcmeter rubber snow pads  is not   re- 
liable  under arctic winter conditions      This deficiency  musr  be   r^rrecred 
by a completely self-lccHng nut,  or other design modifications      If 
this  is not  done,  i.istructions  to check  to'que of  the  retaining nut at 
least every  500 miles must be sent   to users before the  low durcmeter 
rubber snow pad is considered fully suitable for use under arcric winter 
conditions. 
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2.6.3    Tools and Equipment 

2.6.3.1 Objective.    Determine If the standard Issue OEM tools are ade- 
quate to maintain the test track pads 

2.6.3.2 Method.    All maintenance was performed using standard Issue 
tools (OEM)  In accordance with prescribed maintenance procedures. 

2.6.3.3 Results.    During the Installation of all three types of  test 
snow pads,  two tools were necessary;  an impact wrench and a torque 
wrench.    The Impact wrench Is supplied with the vehicle, and has   <  tor- 
que setting.    However,   the wrench will not set  torque precisely enough 
for use with the test snow pads. In particular with the spring loaded 
pads, which are  torqued to only 20 foot-pounds.    When torqulng the low 
durometer and steel grouser pads to 160 foot-pounds, the Impact wrench was 
off up to 30 foot-pounds.    The torques had to be adjusted manually. 

Only one 15/16-lnch socket  Is supplied with  the vehicle OEM.     If 
the Impact wrench and a torque wrench are used together, an additional 
15/16-lnch socket  Is required. 

For the removal of the snow pads,  two tools are necessary;  an Im- 
pact wrench and a breaker bar.    Both tools are supplied with the vehicle 
OEM.    Again,  a second 15/16-lnch socket  Is needed. 

The crew reported greater difficulty  In handling the vehicle Impact 
wrench than In handling the smaller electric Impact wrench.    The elec- 
tric wrench fit In between road wheels, enabling the crew to loosen more 
pad bol's at a time during removal of the pads.    The only place the crew 
was able to apply the vehicle Impact wrench was between the first  road 
wheel and the drive sprocket      This increased time to remove the set. 
The crew reported a preference for the electrical wrench during Instal- 
lation. 

2.6.3.4 Analysis-    The standard Issue OEM tools supplied with the vehicle 
are not adequate to maintain the test snow pads. 

A manual torque wrench, capable of measuring up to 200 foot-pounds, 
and an additional  15/16-inch, 1/2-inch drive socket are needed for com- 
plete installation,  removal, and maintenance capability at the operator/ 
crew level. 
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SECTION 3.  APPENDICES 

APPENDIX I TEST DATA 

TABLE 1.—Measurements of Low Duroneter Rubber Snow Pads 

Length Width Thickness 
Pad Number (Inches) (Inches) (Inches) 

1 9.45 4.70 1.20 
2 9.45 4.70 1.20 

Initial 3 9.47 4.70 1.20 
Measurements 4 9.45 4.67 1.25 

5 9.47 4.67 1.22 
6 9.45 4.67 1.20 

Average 
Measurements 9.47 4.68 1.21 

1 9.36 4.65 1.20 
Measurements 2 9.40 4.65 1.25 
after 2,173.9 3 9.42 4.65 1.19 
Test Miles 4 9.40 4.65 1.20 

5 9.40 4.76 1.17 
6 (missing) 

Average 
Measurements 9.39 4.67 1.20 
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TABLE 4.—Torque Check of Low Duroneter RubbT Snow Pads 
Tegt Mile 1.812.2 

Pad Number Torque (foot-pounds) 

Right Track 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

150 
150 
10 
10 

125 
125 
125 
75 

125 
10 
50 
25 
25 

160 
150 
25 
25 

150 
50 
50 

100 
75 
50 
25 
25 
75 

100 
100 
50 

150 
75 
80 
80 
80 

29 



TABLE 4.—Torque Check of Low Durometer Rubber Snow Pads 
Test Mile 1.812.2  (Cont'd) 

Pad Number Torque (foot-pounds) 

35 10 
36 75 
37 25 
38 75 
39 35 
40 50 
41 75 
42 100 
43 75 
44 50 
45 100 
46 125 
47 100 
48 0 
49 0 
50 10 
51 10 
52 30 
53 40 
54 50 
55 60 
56 100 
57 100 
58 100 
59 80 
60 80 
61 80 
62 100 
63 75 
64 75 
65 85 
66 60 
67 10 
68 10 
69 0 
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TABLE 4.—Torqu« Ch«ck of Low Puroyttir Rubbtr Snow P«d> 
T«»t Mil« 1.812.2 (ConTdT 

Pad NuftO«r Torqiw (foot-pound») 

70 
71 
72 
73 
7A 
75 

0 
100 
10 
10 

100 
10 

Left Track 

1 
2 
3 
A 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

125 
15 

100 
150 
125 
50 

160 
160 
100 
75 

150 
150 
150 
25 

100 
100 
25 
25 
25 

100 
100 
150 
150 
100 
150 
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TABLE 4.—Torque Check of Low Durometer Rubber Snow Pad» 
Test Mile 1.812.2 (Cont'd) 

Pad Number      Torque  (foot-pounds) 

26 50 
27 50 
28 100 
29 50 
30 150 
31 150 
32 125 
33 120 
34 60 
35 60 
36 65 
37 75 
38 10 
39 50 
40 50 
41 80 
42 75 
43 50 
44 50 
45 75 
46 50 
47 25 
48 75 
49 35 
50 40 
51 30 
52 60 
53 100 
54 140 
55 100 
56 100 
57 30 
58 0 
59 0 
60 25 
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TABLE 4.—Torque Check of Low Duroneter R' bber Snow Pads 
Test Mile 1.812.2 (Cont'd) 

Pad Number Torque (foot-pounds) 

61 100 
62 0 
63 100 
64 100 
65 75 
66 80 
67 80 
68 100 
69 0 
70 100 
71 110 
72 125 
73 100 
74 150 
75 10 

Torque data on pad No. 151 not available. 

33 



li.f.i.Li.i. I    D 

6 MARCH 1968 USAATC NEGATIVE NO.   359  1-4 

FIGURE 1 

THREE VIEW  IDENTIFICATION PHOTOGRAPH 
OF SPRING LOADED RUBBER TRACK PAD 

FOR M578. 
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I D 

6 MARCH 1968 USAATC NEGATIVE NO. 359 2-4 

FIGURE 2 

THREE VIEW l.^NTIFICATION PHOTOGRAPH 
OF GROUSER TRACK PAD FOR M578. 
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25 NOVEMBER 1968 USAATC NEGATIVE NO.  168 1-1 

FIGURE 3 

THREE VIEW IDENTIFICATION PHOTOGRAPH 
LOU DUKOMETER RUBBER TRACK FAD FOR 

M578. 
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FIGURE 11 
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FIGURE  12 
DRAWBAR PULL VS ÜLIP 

FOR 
M578 RECOVERY VEHICLE 
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FIGURE 15 

M578 TRACK TEST 

USAATC NEGATIVE NO. 

PHOTOGRAPH SHOWS TESTING AREA FOR HARD-PACKED 
SNOW TRIALS. SPROCKET COUNTER CAN BE SEEN ON 
THE LEAD VEHICLE; LOAD CELL IS VISIBLE BETWEEN 
THE VEHICLES, AND THE FIFTH WHEEL IS MOUNTED AT 

THE REAR OF THE LOAD VEHICLE. 
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FIGURE 16 

M578 TRACK TEST 

STEEL CHEVRON GROUSER ON UNDISTURBED SNOW 

13 JANUARY 1969 

USAATC NEGATIVE NO. 

PHOTOGRAPH SHOWS  STEEL CHEVRON GROUSERS   FOLLOWING 
A SLIP-PULL TEST IN 12  INCHES OF UNDISTURBED SNOW. 
THE AMBIENT TEMPERATURE WAS -220F;  SNOW SURFACE 

TEMPERATURE WAS -310F. 
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FIGURE 17 

M578 TRACK TEST 

STEEL CHEVRON GROUSER ON HARD VEHICLE-PACKED SNOW 

13 JANUARY 1969 

USAATC NEGATIVE NO. 

PHOTOGRAPH SHOWS STEEL CHEVRON GROUSERS FOLLOWING A 
SLIP-PULL TEST ON 3 TO 4 INCHES OF HARD VEHICLE-
PACKED SNOW. THE AMBIENT TEMPERATURE WAS -22°F; 

SNOW SURFACE TEMPERATURE WAS -31°F. 
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FIGURE 18 

M578 TRACK TEST 

LOW DUROMETER RUBBER PADS ON UNDISTURBED SNOW 

USAATC NEGATIVE NO. _ 

PHOTOGRAPH SHOWS LOW DUROMETER RUBBER PADS FOLLOWING 
A SLIP-PULL TEST ON 11 INCHES OF UNDISTURBED SNOW. 
THE AMBIENT TEMPERATURE WAS -22°F; SNOW SURFACE 

TEMPERATURE WAS -31°F. 
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FIGURE 19 

M578 TRACK TEST 

LOW DUROMETER RUBBER PADS ON HARD VEHICLE-PACKED SNOW 

USAATC NEGATIVE NO. 

PHOTOGRAPH ShOWS LOW DUROMETER RUBBER PADS FOLLOWING 
A SLIP-PULL TEST ON HARD VEHICLE-PACKED SNOW. THE 
AMBIENT TEMPERATURE WAS -22°F; SNOW SURFACE TEMPERATURE 

WAS -31°F. 
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APPENDIX III     ARCTIC WINTER UNIFOM 

The year-round temperature variation peculiar to the arctic pro- 
hibits  the prescribing of a particular uniform for any season.    The 
clothing which Is comfortable at  -SO'F becomes uncomfortable at -10oF 
and vice versa.     Since  this   large  fluctuation  Is experienced on an 
hour-by-hour,  day-by-day basis, some degree of flexibility In uniform 
requirements  Is necessary- 

Since materiel  tested under arctic conditions is expected to func- 
tion under  the most  adverse conditions,   the  uniform worn by operating 
personnel must also be  suitable  for  the most  adverse conditions.    Ac- 
cordingly,   the "arctic winter  uniform"  referred to In this  report  is 
defined as  follows: 

a. Shirt,  wool, OG 108 

b. Trousers,  field,  OG  107. with  liner 

c. Undershirt, winter 

d. Drawers,  winter 

e. Socks,  wool,  cushion  sole 

f. Boots,   vapor barrier, white. 

g. Suspenders- 

h. Cap,  pile 

1.     Parka with liner and hood 

J,     Mitten set,  arctic,  with  liners. 
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APPENDIX  IV     REFERENCES 

a. USATECOM Project Transcript Sheet,  AMSTE-BB,  HQ,  USATECOM, 
17 August 1967,  subject:     Test Directive,  Product   Improvement  Test of 
Snow Pads for M578 Recovery Vehicle. 

b. Letter, AMSiA-RBT, HQ, USATAC, 25 July 19»7, subject: Test 
Program:    Product Improvement Tests of T132E1 Snow Pads. 

c. Letter, AMSTE-BB, HQ,  USAATC,  15 August   1968,  subject:    USATECOM 
Project No.   1-8-7340-60,  Product   Improvement Test of T132E1 Track Snow 
Pads   for M578 Recovery Vehicle,   DA Project  Code NKB. 

d. Letter, AMSTA-U, CG, USATACOM, 9 July 1968, subject: Back- 
ground Information for M578 Recovery Vehicle (T132E1) Track Snow Pad 
Test Plan. 

e. Letter,  STEAC-AR,  September 1967,  subject:    Product  Improvement 
Plan of Test of T132E1 Snow Pads  for M578 Recovery Vehicle 

f. Approved Plan  for Product  Improvement Test of  'fl32El Snow 
Pads  for M578 Recovery Vehicle,   under Arctic Winter Conditions, RDT&E 
Project No.  Unknown,  USATECOM Project No.   1-8-7340-60. 

g. Partial Letter Report  of Product  Improvement  Test of T132E1 
Snow Pads  for M578 Recovery Vehicle, USATECOM Project  No.   1-8-7340-60, 
20 June 1968 
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